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I. INTRODUCTION
Plantprotectionmeasuresfor aweather-sensitivecroplikecottoncanmakea
differencebetweenits actualandnormalyields.Sincein thecotton-growingareas
of Pakistan,smallvariationsareobservedin theuseof complementaryinputslike
fertilizer,seeds,irrigationandculturalpractices,thetimingof applicationandthe
qualityandamountof pesticidesassumecrucialimportancein determiningcotton
yields.!
In Pakistan,qualitydatarelatingto pesticideusearealmostnon-existent
becauseof theabsenceof organizedandcoordinatedresearchonpestmanagement.
As a result,it is verydifficult,if notimpossible,totestmodelsofpest-cropenviron-
mentandtoderiveoptimalpesticidedosageresponse,incorporatingpestdamageand
pestkill functions.Furthermore,a surveyof literatureavailablein Pakistanreveals
thatwhereastudiesundercontrolledexperimentsonthebiologicalaspectsof the
useof pesticidehavebeenfrequent[1;2; 3;4], fewstudiesexistontheeconomics
of pesticideapplicationsasobservedfromthefarmer'sland. Thispaper,therefore,
adoptsan exploratorymethodfor assessingthe usefulnessof theapplicationof
pesticideto cottoncropin Sind.-By applyingsimplestatisticaltechniquestofarm-
leveldata,wetry to answersomekeyquestions.Is thetimingornumberofsprays
moreimportantin explainingthevariationin yields? Is theinteractionof these
two factorsa significantsourceof explainedvariation?Are thereanyobserved
*The authoris a ResearchEconomistat theAppliedEconomicsResearchCentre,Univer-
sity of Karachi. He is indebtedto ProfessorMahmoodHasanKhan, whoseguidancemade
this study possible,and to Dr. Aly Ercelawnfor hisusefulcomments.Thanksarealsodueto
ProfessorS. A. SarwarRizvi for thesupplyof therelevantdata. Theanonymousrefereesof this
Review arealsothankedfor their comments.Messrs.ShariqueAyubi andJosephCyprianare
thankedfor theirtypingassistance.Theauthoraloneisresponsiblefor all theremainingerrors.
! In 1983,pestattackdestroyednearly40 percentof cottonin Pakistan,leadingto a
negativeagriculturegrowth rate for the year,import of cotton and lossof foreign-exchange
earnings.
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patternsof spraytimingandnumberof spraysleadingto highyields?Arelowpest
damageandhigheryieldscorrelatedwiththesametimingofsprays?It ishopedthat
evententativeanswersto thesequestionswouldincreaseourunderstandingof these
relationshipsandhelptheagriculturalextensionservicein educatingfarmersin the
efficientuseof pesticides.
III. RESULTS
n. DATA SOURCES
Amongthethreeimportantvariables- yieldperacre,percentageof damage
frompests,andnumberof sprays- thelastvariablerevealedtheleastamountof
variation.Forty-sevenpercentof the sampledfarmersprayedtwiceduringthe
season.6Seventy-fivep rcentof thesamplefarmersprayedearlyduringtheseason.7
Thepracticeof "preventive"sprayingby farmersmaybea reasonfor ahighcon-
centrationi theearlypartof theseason.
A correlationmatrixof allmajorvariablesi givenin Table1. Onanapriori
basis,yield (YLD83) is expectedto bepositivelyrelatedwithnumberof sprays
(NSPRA) and negativelyrelatedwith percentageof damageby pestattack
(PESTDAM). An inverserelationshipis hypothesizedbetweenpestdamageand
numberof sprays.Thecorrelationsamongthethreevariablesareweakbutconfirm
theaprioriexpectations.Lownegativecorrelationsamongthesprayperiodsmaybe
interpretedasindicativeof somedegreeof intervalbetweensprayperiods.For
example,thosewhosprayedearlyin theseasonarelesslikelytosprayjustbeforethe
Realizingtheimportanceof theextensionserviceforimprovingcottonyields,
thePakistanCentralCottonCommittee(PCCC)initiatedtheCottonMaximization
Projectin Tharparkardistrictof Sindin 1980-81.TheAppliedEconomicsResearch
Centreof theUniversityofKarachiwasaskedtoevaluatetheimpactof theextension
serviceprovidedspecificallyto thatproject.Thisstudyisbasedonasampleof 114
respondentsin 1983.Informationwasgatheredonthenumberofsprays,thetiming
of sprays,thefarmer'sassessmentof pestdamage,andtheyieldperacre?Among
thesevariables,thetimingof thepesticidesprayneedsome laboration.
Sincerainsandhighhumidityencouragepestbreeding,the likelihoodof
damageby insectsandpestsis highestduringtherainyseason,whichextendsfrom
July to September.Therainyseasonis thusaperiodof extensivesprayingactivity
intheprovince.3Dependingonahostoffactors,e.g.pastexperience,pestinfestation,
adviceof theextensionagent,andabilityto payfor expensivepesticide,spraying
farmerspraytheircrop1-2times,and,insomecases,fivetimesduringtheseason.4
Tocapturethetimingof sprayascloselyaspossible,thethree-monthsprayingseason
wasdividedinto12weeks,andfarmerswereaskedtoidentifytheweekof thespray
andthenumberof thesuccessivesprays,i.e.whetheritwasthefirst,secondorthird
oneduringtheseason.
Duringthe survey,farmersandextensionagentsrevealedthatpestattacks
weremostsevere'duringtheperiodfromthesecondfortnightofAugustothefirst
fortnightof September.sOnthebasisof thisinformation,spraytimingwassplitinto
fourperiods.Thepre-pestattackperiodwassplitintotwosub-periods:Dl, which
coveredthe entiremonthof July, andD2, whichcoveredthefirstfortnightof
August.Thepest-attackperiodwasdenotedby D3,andthelastfortnightof the
sprayingseasonby D4. Thisprocedureofaggregation,it washoped,wouldpartially
overcomeproblemsof recallerrorscommonlyassociatedwithfieldsurveys.
2Informationon the timingof spraywassystematicallygatheredunderthisstudyfor the
first timein thisyear.
3It is equallypossiblethatpestattacksareindependentof actualrainfall,aswasthecase
in thisyear.
4Sprayingis usuallyundertakento controlCotton Jassid,Whiteflies,SpottedBollworm,
ArmywormandCottonLeafRoller,commonlyfoundin thisregionof thecountry.
5In 1983,Armywormand Cotton Leaf Rollerseverelydamagedthecottoncropat the
maturitystage.
6Twenty-twopercentsprayedonceand21 percentsprayedthrice. Only 3.5percentdid
notsprayatall.
7The percentagesof the farmersreportingspraysduringother periodsare: 44 percent
duringD2;45 percentduringthepestattackandII percentafterthepestattack(D4).
Table1
CorrellltionMatrix
YLD 83 PESTDAM NSPRA EARLY BEFORE DURING AFTER
YLD 83 1.0000-0.3011 0.2482-0.0531 0.1252 0.2048 0.0327
PESTDAM 1.0000 -0.1324 -0.0254 0.0051-0.2581 0.0930
NSPRA 1.0000 0.2805 0.2598 0.5712 0.1196
EARLY 1.0000-0.1559 -0.0207 -0.1333
BEFORE 1.0000-0.1765 0.0436
DURING 1.0000-0.1369
AFTER 1.0000
PASTDAM = Percentageof damagebypests.
NSPRA = Numberof sprays.
176 SajjadAkhtar
pestattack. Thisobservedpatternin sprayingpracticemaybeguidedeitherby
biologicalconsideration,i.e.thenecessityto maintainsomeminimumtimeinterval
betweensuccessivesprays,orby purelyeconomicreasons,i.e.thelimitedcapacity
of thefarmerstopayforpesticides.
We useregressionanalysisto explorethe relationshipof sprayperiodand
numberof sprayswithyieldaswellaspercentageof pestdamage.Theregression
resultsarereportedinAppendix(TablesA andB). Forequationswithyieldperacre
asthedependentvariable,wecanmakethreemajorobservations:
Amongthefourinteractionvariablescorrespondingto sprayperiods,
onlyD3 hasa significantimpacton yields. Thehighestyieldsseem
to haveresultedfromhighernumberofspraysandfromsprayingin the
pest-attackperiod.
Resultsdonotimproveby includingthesprayperiodsandthenumber
of spraysasindependentvariablesin a singleequation.However,
it maybenotedthattheimpactof thetimingof spraysonyieldsis
highestfor D3,i.e.thosewhosprayeduringthepest-attackperiod
hadthehighestyields.
If onlythenumberof spraysareregressed,theyhaveasignificantand
.positiveimpacton yields. Butif thesprayperiodsareregressedon
yields,thecoefficientof D3 is significant.In otherwords,spraying
duringthepest-attackperiodledtohigheryields.
In equationswiththepercentageof pestdamageasthedependentvariable,
it is observedthatsprayingduringthepest-attackperiod(D3),eitherindependently
orjointlywiththenumberofsprays,consistentlyappearsasasignificantdeterminant
oflowerpestdamage.
Sincetheyieldlevelanddegreeof pestdamageseemto varywiththecombi-
nationof thenumberandthetimingof sprays,cross-classifiedmatriceswithyield
levelsandpestdamagearegivenin Tables2 and3. In Table2,yieldsarehigheron
farmswithlargernumbersof spraysandthoseonwhichsprayingwasdonebefore
andduringthe pestattack.8In Table3, thecombinationof thetimingandthe
numberof sprays,showinga lowerpercentageofdamagebythepests,arethesame,
asshownin theyieldmatrix.
All farmerswhosprayedbeforeandduringthepestattackandthreetimes
duringtheseasonwereselected.Thoughthefarmerswhosprayedfourtimeshow
higheryields,it wasfeltthatthemeanof asmallnumberof observationswouldbe
lessreliable.Theaverageyieldsof thosewhosprayedtwiceandbeforeandduring
thepestattackweresignificantlylowerthanthoseof therestof thesample.A
two-samplet-testwasappliedto establishwhethertheaverageyieldandthepercent-
ageof pestdamageof thisselectgroupweresignificantlydifferentfromthemeans
(1)
(2)
(3)
8Excluding those cells which hadjust one observation.
I
I
I
~c
5 3.12 20.00 11.56
(1) (1) (2)
Note: Figuresin parenthesesrepresenthenumbersof thefarmersinvolved.
Table3
Percentageof Damageby TimingandNumberof Sprays
Percentageof DamagewhentheSprayingis Done
Early Before During After
(in Dl period) (in D2 period) (in D3 period) (in D4 period)
Number
of Sprays
5 20.00 10.00 15.00
(1) (1) (2)
Nete: Figuresinparenthesesr presentthenumbersofthefarmersinvolved.
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Table2
YieldsbyTimingandNumberof Sprays
Number YieldwhenSprayingisDone
of Spray.s Early Before During After
(inDl period)(inD2period) (inD3period) (inD4period)
6.05 6.70 7.00 10.00
(14) (5) (4) (1)
2 8.17 7.87 7.68 8.74
(45) (28) (18) (7)
3 8.91 11.59 10.99 5.25
(19) (12) (21) (4)
4 12.15 12.22 12.15 23.00
(6) (4) (6) (1)
17.85 23.00 12.50 25.00
(14) (5) (4) (1)
2 19.93 22.48 13.53 33.33
(44) (27) (17) (6)
3 15.42 12.08 11.09 15.00
(19) (12) (21) (5)
4 4.17 0 4.17 0
(6) (4) (6) (1)
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obtainedfor the restof the sample.The resultsarereportedin Table4. Themean
yieldsof the selectedfarmersaresignificantlydifferentfromthoseof therestof the
sample.However,the t-valuefor the differencesin averagepestdamageis low and
statisticallyinsignificant.
Table4
A verageYield and Pest Damagefor the Selected Group
and for theRest of the Farmers
Category Average
Yield
Standard
Deviation
PestDamage
Average Standard
Deviation
NN
IV. POLICY IMPLICATIONS
Therearetwomajorfindingsof thisstudy:
Thenumberof spraysandsprayingduringthepestattackaresignificant
in explainingvariationin yields,whileonlythelattervariablecontributes
to a lower damageby pests. Specifically,the study indicatesthata
combinationof threespraysand sprayingduringthe lastfortnightof
August and the first fortnight of Septemberresult in significantly
higheryields.
A moredisaggregatedlook at the datarevealsthat theyieldsobtained
by farmersusingthe abovecombinationweresixtypercenthigherthan
theyieldsobtainedby farmersemployingothercombinations.
A word of cautionis necessarybeforeanypolicy conclusionsaredrawn. The
abovepreliminaryfindingsarespecificto location,timing,pestdensity,andtypeof
pestandrelateto a singleyear. Similaranalysisis neededof dataoveranumberof
yearsandfromothercotton-growingareasof Pakistan. This would not only verify
the resultsobtainedfrom the Tharparkarregionof Sind, but would alsoensurea
widerandrobustgeneralizationof theresultsfor thebenefitof agriculturalextension
services. Moreover,policy-orientedresearchon the economicsof pesticideuse
shouldfocuson the followingaspects:(a) informationon pesticideusewith respect
to the brandandgenericnames,quantities,cost,andtiming;(b) datacollectionon a
weekly basisby pest-scoutingteamson pestcharacteristicsand intensityof pest
attack;and(c) monitoringof theextentof boll formationin eachweekduringthe
(1)
(2)
~.
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Restof theFarmers 7.95 5.66 104 18.38 22.84 102
SelectedGroup 12.71 6.88 10 11.50 16.67
10
t-Value:6.99 t-Value:0.85
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